The mean excess return is the average monthly excess return of the strategy over the stock market. Terminal values refer to the gross performance of €100 invested using the strategy signals. 
I T I S I L L E G
T he Federal Reserve (Fed) model provides a framework for discussing stock market over-and undervaluation. It was introduced by market practitioners after Alan Greenspan's speech on the market's irrational exuberance in November 1996 as an attempt to understand and predict variations in the equity risk premium (ERP). The model relates the yield on stocks (measured by the ratio of earnings to stock prices) to the yield on nominal Treasury bonds. The theory behind the Fed model is that an optimal asset allocation between stocks and bonds is related to their relative yields and when the bond yield is too high, a market adjustment is needed resulting in a shift out of stocks into bonds. If the adjustment is large, it causes an equity market correction (a decline of 10% within one year); hence, there is a short-term negative ERP. The model predicted the 1987 U.S., 1990 Japan, 2000 U.S., and 2002 U.S. corrections. A similar valuation model using the 30-year long bond rate and the equity yield difference as the underlying measure of relative equity market valuation was suggested by Ziemba and Schwartz [1991] (see also Ziemba [2003] , and Koivu, Pennanen, and Ziemba [2005] ). The partial predictability of stock returns has been analyzed and confirmed by Fama and French [1988b] , and Poterba and Summers [1988] . The ability of financial and accounting variables to predict individual stock prices and stock indices has been studied by Campbell [1987 Campbell [ , 1990 Campbell [ , 1993 ; Campbell and Shiller [1988] ; Campbell and Yogo [2006] ; Fama and French [1988a, 1989] ; Goetzmann and Ibbotson [2006] ; Jacobs and Levy [1988] ; Lakonishok, Schleifer, and Vishny [1994] ; Polk, Thompson, and Vuolteenaho [2006] , and Ziemba and Schwartz [1991, 2000] .
The Fed model has been successful in predicting market turns, but in spite of its empirical success and simplicity, the model has been criticized. First, it does not consider the role played by time-varying risk premiums in the portfolio selection process, yet it does consider a risk-free government interest rate as the discount factor of future earnings. More seriously, the inflation illusion (the possible impact of inflation expectations on the stock market) as suggested by Modigliani and Cohn [1979] is not taken into consideration. Second, the model assumes the comparability of an earnings-to-price ratio (EP), a real quantity, to a nominal, bond-induced interest rate (Campbell and Vuolteenaho [2004] ). Asness [2000 Asness [ , 2003 , and Ritter and Warr [2002] discussed these issues. Consigli, MacLean, Zhao and Ziemba [2006] propose a stochastic model of equity returns based on an extension of the Fed model inclusive of a risk premium in which market corrections are endogenously generated by the bond-stock yield difference. The model accommodates both cases of prolonged yield deviations leading to a long series of small declines in the equity market and the case, which is peculiar to recent speculative bubbles, of a series of corrections over limited time periods. The inclusion of the yield differential as a key driver of the market correction process is tested and the model is validated with market data.
The next, or second, section discusses the bond-stock valuation model and shows its original application to the October 1987 correction. Hence, the ERP is not constant and thus is partially predictable. The third section discusses overvaluation and possible forthcoming corrections. The fourth section discusses empirical evidence from the U.S., U.K., Japan, Germany, and Canada. The fifth section analyzes endogenous instability, risk premiums, and the nominal-versus-real variable issue. The last section concludes.
VALUATION MODEL, EQUITY YIELD, AND 10-YEAR INTEREST RATE
The Fed model in its original 1996 form states the dependence of a fair stock price level,p(t), at time t to the expected earnings, E(t), and the 10-year Treasury rate, r(t). Earnings expectations are fully incorporated in prices and discounted at the current 10-year risk-free rate for t = 1, 2, …,
Earnings per share, y(t), are computed by equity investors as the expected earnings for a given unit investment in the stock market with equity shares, S(t),
There is a direct relationship between the equity yield in Equation (2) and the risk-free rate in Equation (1). The ratio of the current market value to the theoretical value is the bond-stock yield ratio, BSYR(t),
The bond-stock earnings yield differential, BSEYD(t) = r(t) -y(t), is related to the (random) valuation measure and the equity yield,
The differential reflects the difference between the current market value and its theoretical value. A more theoretically sound motivation for the predictive ability of the BSEYD is the basic Gordon formula, where EP is the forward earnings yield (which Schwartz and Ziemba [2000] show is the best predictor of at least individual Japanese stock prices), EP -nominal yield = equity risk premium -real growth -inflation, so the BSEYD can be used as a proxy for the unobservable right-side economic variables.
For a given equity yield, the BSEYD and the BSYR can be used to identify zones of under-and overvaluation and to forecast possible forthcoming market adjustments. Under the Fed model assumptions, we expect the market, even with prolonged deviations, to fluctuate around its theoretical value and, thus from time to time, the BSYR should converge to one and the BSEYD to zero. Alternatively, a market risk premium should be accounted for and future earnings accordingly discounted by an interest rate above the prevailing risk-free rate (10-year maturity rates in the canonical Fed model assumption).
A classic example of the use of this model is the stock market correction in October 1987 illustrated in Exhibit 1. It is from this application that Ziemba's Yamaichi Research Institute study group in 1988 formulated the BSEYD measure described in Ziemba and Schwartz [1991] , and Ziemba [2003] . The danger zone was entered in May 1987 and the correction occurred in October, four months later. During June, July, and August, investors kept rebalancing their portfolios from the bond to the equity market (MSCI TRI + 13.87% over the quarter). The equity market then fell -31.80% in the following quarter (September to November 1987) with the majority of the decline occurring in October. In order to validate the approach, Berge and Ziemba [2006] used eight different strategies to test the predictive ability of the BSEYD or, equivalently, the BSYR (see Exhibit 2). The strategies
are defined over either 5-or 10-year time-data intervals, under normal or historical return distribution assumptions, and different fractile levels on such distributions for exiting and entering the equity market. The threshold levels were specified for the BSEYD measure.
These 60 or 120 observations, respectively, including the value of the current month, define the threshold levels for the end of that month. As time evolves, the most recent monthly value is added and the oldest value is omitted. Moving intervals diminish the impact of changes in the regulatory framework of the economy on EP ratios over time, since high past values of the BSEYD are eventually excluded. For the historical values of the BSEYD, two different distributional concepts are used to define the predetermined exit and entry threshold levels: normal and historical. In the case of normality, the mean and standard deviation of the historical range of BSEYDs are (5) and (6) respectively, where d is the length of the interval considered. The exit threshold level is (7) and the entry threshold level is 
where Z α1 and Z α 2 are the α 1 -and α 2 -fractiles, respectively, of the standard normal probability distribution. The second concept calculates the α 1 -and α 2 fractiles of the historical distribution. The α-fractile of d observations is (9) where k = d · α and x (k) is the k-smallest value of the d observations starting at the end of month (t -d + 1) and ending at the end of month t.
The strategies are evaluated over the 1979-2005 period in five equity markets-the U.S., U.K., Germany, Canada, and Japan. The stock market index data are from Morgan Stanley Capital International (MSCI) and utilize a uniform methodology across all markets. The total return indices (TRI) are calculated with gross dividends (before taxes) reinvested to estimate the total return on the market that would be achieved by reinvesting one-twelfth of the annual dividend reported at every month-end. The priceto-earnings (PE) ratios provided by MSCI refer to the companies in the respective MSCI TRI. They are the sum of the weighted latest share prices in local currency divided by the sum of the weighted most recent trailing 12-month earnings (losses) per share. MSCI does not estimate future earnings, so only past earnings are included in their data. Actual earnings are entered in the database as soon as they are reported at an adequately detailed level. The advantage of the MSCI indices over other indices is that even when the overall market experiences losses, PE ratios, in this case negative, can be calculated. For cash
equivalents, the yield on 3-month T-bills is used. Data for 3-month T-bills are from Global Financial Data (GFD) and Thomson Financial Datastream.
Data on 10-year government bond yields come from various sources. The U.S. data are from the Federal Reserve. Yields are of constant maturity interpolated from the daily yield curve. Data for Germany were supplied by the Deutsche Börse AG and are calculated similarly as for U.S. data. Data for the U.K. and Japan come from GFD. These yields refer to government bonds with maturities closest to 10 years. Data for Japan are available beginning in May 1980. Japanese T bill data were not updated monthly until December 1981. Canadian government bond yields were obtained from the Bank of Canada.
For the first strategy, five years of monthly observations are used prior to 1979 to estimate the historical (or frequency) distribution of the 90% and 80% fractiles. Every month the data includes the realized monthly return and discards the oldest observation to keep the five-year window constant. Every strategy has welldefined equity market entry and exit values-once in, the strategy suggests 100% in equities, once out 0% (i.e., a 0-1 stock-bond strategy). The appendix contains results for the five markets for the 35-year period 1970-2005. Every fractile pair defines the market danger zone used in defining optimal investment strategies and portfolio rebalancing.
Strategy 6 was preferable in terms of total return over the 25-year period 1980-2005 in the U.S. market. Exhibit 3 shows exiting and entering months according to these thresholds and the BSEYD signal in the previous month.
Exhibits A1-A10 in the appendix show the following for each of the five countries: stock market corrections (declines of more than 10%) and their durations, as well as the results of the strategies in terms of percent of time in the stock market, mean log return, standard deviation, Sharpe ratio, mean excess return, and terminal value. All criteria are compared to actual stock market total returns from 1975-2005 for Strategies 1 to 4 and from 1980-2005 for Strategies 5 to 8. Dimson, Marsh, and Staunton [2006, 2007] presented returns over more than 100 years, but did not discuss partially predictive investment strategies as did Berge and Ziemba [2006] .
The U.S. Japan had 7 corrections including the 31-month 56.2% decline starting in January 1990. Ziemba [2003] , and Ziemba and Schwartz [1991] provided calculations showing that this correction was the most in the danger zone of any of the measures in the 42-year period 1948-1990. Ziemba and Schwartz found that every time the BSEYD measure was in the danger zone during the period 1948-1988, there was a correction of at least 10% from the current stock index level. The BSEYD measure produced no misses (12/12), but only 12 of the 20 corrections from 1948 to 1988 resulted from its predictive ability. The other 8 corrections were instigated by other causes. The results for Japan, as for the U.S., are good for the measure: ¥100 grows to ¥213.88 with the market index from 1985 to 2005, but to ¥455.72 to ¥498.62 with Strategies 1 to 4. Strategies 5 to 8 also had good predictive results for the period 1990-2005.
The results for the other three countries were not as good in terms of final wealth levels over the period . All the strategies, however, were superior to a buy and hold strategy in terms of Sharpe ratios and in the final wealth levels during the period 1980-2005. For the U.K., most of the strategies outperformed the stock market return of the buy and hold strategy, but some strategies did underperform and the outperformance of the winning strategies was minimal.
The U.K. had 15 corrections, mostly of short duration, but the 17.9% decline of September 2000 lasted 13 months and the April 2002 decline of 31.6% lasted 10 months.
The results in Canada were similar to those of the U.S. with 5 of its 12 corrections having declines of over 20%, including a 41.2% decline in September 2000 over 13 months. With 13 corrections, Germany also had similar results with the March 2000 decline of -44% lasting 19 months and the April 2002 decline of -53.9% spread over 12 months.
The basic conclusion is that the bond-stock model has had positive predictive ability, working as well as it has in these five countries, especially in the 1980-2005 period, with the results in the U.S. and Japan the best. Portfolio strategies based on the bond-stock relative valuation measure have produced superior returns relative to a buy and hold strategy.
OVERVALUATION AND FORTHCOMING CORRECTIONS
The evidence shows that the effectiveness of the bond-stock yield difference measure varies from market to market and additional indicators may be required to generate robust strategies across markets and times. We focus on the properties of the yield ratio as a signal of forthcoming market corrections, thus suggesting an immediate exit from the equity market, but investors will follow different strategies.
A critical view on the role of the bond-stock yield differential as a predictive variable of future market adjustments depends on the market evidence. Consider the following alternative scenarios from which an indirect economic validation of the approach can be derived:
1. The stock market is overvalued according to the bond-stock yield differential and a subsequent market correction is observed; this evidence supports the suggested approach. 2. Market corrections are observed even if the yield differential is within the no-danger zone. 3. Even if the yield differential remains for an extended period in the danger zone, no market corrections occur. 4. Market corrections do not occur for an extended period of time and the yield differential is around zero.
The first and fourth market conditions support the BSEYD model and suggest that a large difference between the earnings per share at an aggregate level in the economy and the 10-year bond rate is a sufficient condition for a subsequent correction.
The second and third conditions suggest that investors act independently and do not rely on the bond-equity yield differentials to determine their portfolio strategies and the strategic bond-equity portfolio composition. If corrections are observed when the yield differential is relatively low, this implies that the yield differential may very well provide a sufficient, but not necessary, condition for corrections. In this case, other variables are determining the adjustment. Finally the absence of corrections in the presence of persistently high differentials would contradict the sufficient condition.
We directly test the short-term predictive power of the yield spread with respect to market returns, verifying the market response to diverging bond and stock yields observed in previous periods. A BSEYD in the upper tail of the frequency distribution should, in general, anticipate a market correction of varying intensity. To document short-term predictability we use a simple predictive regression model based on monthly returns in the equity market and one-, two-, and three-month lagged yield spreads. The bivariate prediction equation for each market k (U.S., U.K., Japan, Germany, and Canada) is (10) where ρ k (t) is the month-to-month log equity return for market k, over (t -1, t), namely y k (t -h) is the BSEYD or yield spread at time t -h one, two, and three months earlier, and is the 90th percentile of the yield spread historical distribution estimated at time t -h over the market history (t -h -H, t -h), where H defines a 15-year data history.
For every t, starting with the period January 1970 to December 1984, we estimate the frequency distribution on this window, first identifying the 90% percentile and then moving forward one month, then identifying the associated 90% percentile, and repeating with a constant time window.
Once such a series of critical values has been identified, we test for t = Jan1985,…, Dec2004, to determine if the current yield spread falls above the current critical value, namely, y k (t -h) ≥ . Then, conditional on the yield spread excess, we determine the market return one, two, and three months ahead, and identify the residuals for each month and market. In this way, we estimate directly from the tail of the distribution the market-specific coefficients a k , b k over the 20-year period.
This procedure tests the market return dependence on the one-, two-, and three-month lagged yield spread, conditional on such spread being above the 90th yield percentile. A statistically significant relationship between ρ k (t)and y k (t-h), h = 1, 2, 3 for market k is not sufficient to assess the predictive power of the yield spread with respect to the equity return. A negative coefficient b k is needed with residuals normally distributed with mean 0 and variance e k (t ) ∈ N (0, σ 2 k ). Exhibit 4 reports the results. (See also Exhibit 5 for the one-month predictive regressions in the U.S.) The second and third columns of Exhibit 4 give the means and standard deviations of monthly returns conditional on the yield spread being inside the time varying 10% upper tail. The regression results and mean and variance of the computed residuals are given for the selected subsamples, and depend on market volatility.
The yield spread has some short-term predictive power in the U.S. and U.K. markets, but very little in the Japan market and none in the German market. We are not testing the effectiveness of the yield spread as the driving variable of a strategic portfolio allocation, but only the dependence of short-term market corrections (not beyond three months) on previously observed bond-stock yield excesses.
High Yield Difference with Corrections
The BSEYD model relies on the evidence that, at current market values, improved expectations of company earnings drive up price yields making equity investments more attractive than fixed-income investments. This change in yields pushes up the demand for stocks and triggers a portfolio rebalancing from bonds to stocks. In turn, this shift pushes stock yields down toward their long-term equilibrium value which is typically inclusive of a small ERP over the risk-free rate. If, however, earnings expectations keep rising, stock prices may keep rising as well. This drives the market dynamics in such a way that the market price yield does not stabilize around a consensus long-term level.
A condition of instability may emerge in this setting if the 10-year interest rate also increases. Several factors explain this possibility:
1. The selling of 10-year T-notes to finance stock market investments. 2. A shift of the yield curve induced by Fed policy in order to offset the inflationary impact on consumption from the stock market wealth effect. 3. The possible overheating of the economy associated with improved earnings expectations, partly due to the persistence of market increases. 4. An increased demand for long-term funding to finance equity investments.
This last scenario, in spite of an assumed improvement in earnings expectations, generally induces a modest increase in the theoretical equilibrium stock market value, thus supporting a growing deviation of the actual market capitalization from the long-term theoretical value.
Such a deviation will persist and fuel increasing forward instability until interest rate tightening is no longer perceived by the market as being sufficient to reduce the expected improvement in companies' earnings. From a different viewpoint, investors initially begin rebalancing from bonds to equity then, relying on the positive market outlook, begin borrowing to move further up on the efficient frontier in order to maximize expected return. The subsequent market adjustment will largely be due to the sudden and substantial inversion of relative values. Under these circumstances, foreign investors will play a specific role; that is, in the presence of an increasing foreign-domestic interest rate gap, foreign investors will be attracted to foreign equity markets to attempt to obtain superior returns and to gain from the exchange rate differential. Inflows from foreign markets will further hasten the departure of the market from its theoretical value. In this sequence of events, the 10-year Treasury rate will correspondingly deviate from the stock market yield. The 1987 crisis and the comparatively smaller 1997 crisis are consistent with this observation. On October 17, 1987, the 10-year rate was 10.22%, increasing from 7.5% in March 1987. As shown in Exhibit 1, the BSEYD moved over the same period from 1.49 to 4.32 in September. A prolonged decrease of equity yields and increase of interest rates in a rapidly expanding economy may lead to a market overvaluation and a subsequent market collapse when the BSEYD reaches a level unsustainable by the market.
High Yield Difference without Corrections
Can the BSEYD remain high on historical terms (above 2.03 which was the average between January 1, 1985, and December 31, 2004) for an extended period of time when the market is relatively stable? Or, is it possible to have a scenario in which the yield ratio is increasing and high, the ratio between actual and theoretical prices is increasing, and the equity market is increasing, without having a speculative bubble?
Thus, in the case of stable earnings expectations and price yields, a reduction in market interest rates-due perhaps to a loose monetary policy by the Federal Reserve motivated by exogenous factors-to below the equity yield decrease will drive up the ratio, but without causing a bubble. Low interest rates will also limit the inflows from foreign equity markets and from currency revaluation. This was the situation in the U.S. market from 1991 to 1992 and in 1999. Consider the 1999 period in which no corrections occurred; the BSEYD ratio remained above 3.0 for a long period. The reason appears to be related to the fact that the market had a correction during the fall of 1998, was already regaining its pace, and a few months elapsed before the realization was made that the theoretical market value was stable and interest rates were low and, indeed, slightly decreasing. The bond-stock ratio increased during a period of low interest rates (below 6%) in the U.S. and increasing corporate earnings. If the equity yield is decreasing because of a sharply rising equity market and interest rates remain low or decreasing, a relatively high BSEYD can be associated with stable market expectations. Then, a BSEYD in the danger zone is not sufficient to lead to a market correction. Inflation expectations play an additional role in market sentiment with decreasing interest rates conveying a positive sentiment on the market.
Low Yield Difference with Corrections
Finally, is a high BSEYD necessary to observe a correction? Not always. Market corrections have been observed even when the bond-stock differential was low and stable; see Exhibit 4. Also, events like September 11, 2001, can cause market corrections. In that case, the S&P 500 fell by -14% in the week following the reopening of U.S. markets after they had been closed for one week.
The case of market instability and a low BSEYD is crucial in assessing the validity of the indicators as valuation measures. One such example begins in the third quarter of 2002. After a smooth decrease of the BSEYD during July and August 2002, a sequence of large declines followed: -5.98% in the second week of September, -12.75% in the third week of September, and -6.49% in the first week of October. During this period, the BSEYD never reached the danger zone, remaining below the 2.85 level. The 10-year rate was stable, but began to decrease, falling below 5% in October 2002. A common explanation is that the ratio had dramatically decreased from a May 2002 maximum of 3.5 and the equity yield was on a positive trend at the time, anticipating the following market recovery. No market corrections have been recorded with a low BSEYD and an increasing equity market.
In summary, the following aspects appear key to the ongoing debate regarding the robustness of the BSEYD as a tool for anticipating signals and their economic implications:
1. The relative nature of the valuation measure implies that diverging bond and stock yields may lead to market corrections if the equity market has increased rapidly over the preceding months due to bond-equity rebalancing and equity investments are funded through borrowing and incoming foreign capital, even with high and increasing interest rates. In this case, the degree of market internationalization may become relevant. A high BSEYD alone, however, is neither sufficient nor necessary to anticipate a market crisis. 2. The stock market phase appears crucial. A high yield differential is consistent with either an increasing or decreasing equity market; in both cases, the market adjustment will depend on the relative dynamics of the 10-year rate and price yield, conditional on recent market performance. 3. Finally, interest rates and inflationary expectations are relevant. Increasing, but relatively low, interest rates have a positive effect on market expectations and usually accompany a smooth convergence of equity prices to theoretical values, avoiding market corrections.
Also a period of instability may be induced by an exogenous correction or crisis in a different market (i.e., independently of the local current yield ratio).
U.S. AND WORLDWIDE RESULTS
We review the evidence in Berge and Ziemba [2006] from five equity markets. The second section and appendix show that being out of the market when the BSEYD measure indicates an investor should be out dominates buy and hold strategies in the U.S., U.K., Japan, Germany, and Canada during the period . Periods in the danger zone are identified by entry and exit signals; the associated time periods can vary and the lack of correction occurrence is identified once the market is in the danger zone. Exhibit 6 shows that 34 corrections occurred while the yield differential was not in the danger zone; only 13 corrections were accurately called by the BSYED danger zone.
Consider the first row of Exhibit 6. In the first column is a sequence of market corrections correctly anticipated by the yield differential. The second column shows the corrections that occurred when the BSEYD was not in the danger zone. During the 25-year history studied in the U.K., of 11 market corrections, only 1 was anticipated by the BSEYD measure. Some of the recent corrections started in a foreign market and took on a domino effect as discussed further in the appendix. Exhibits 7 and 8 report the series of corrections observed in the U.S. and U.K. markets between 1980 and 2005. The overlapping corrections sequence, noted in bold in the exhibits, is only marginally due to internal bond-stock yield differentials. Before most of these corrections, the BSEYD was not in a danger zone. After the corrections, however, monetary authorities intervened, injecting liquidity into the markets or lowering interest rates in an attempt to limit the market's fall and its systemic consequences. As a result, the BSEYD was also reduced.
The evidence on the predictive power of the BSEYD in the U.K. market is partially attributable to a global adjustment of international portfolios which started outside the U.K. Specifically, 4 of 11 market crises were imported from the U.S. market as part of a systemic adjustment. The June 1992 crisis was a by-product of the European currency crisis and was imported from a different financial market. The results of the out-of-sample test of the strategies based on the BSEYD are variable across the five countries. Almost all strategies performed better than the stock market, as is shown in the second section of this article and the appendix. The results in the U.S. and Japan were the best. All five countries experienced the situation in which not all corrections were predicted.
The co-movement of the BSEYD and the respective stock market demonstrates that some corrections are not detectable. The methodology of the strategies recommends moving out of the stock market when the current value of the BSEYD is extremely high compared to its past values. Hence, a rise of the BSEYD prior to the occurrence of corrections is necessary to yield a successful prediction of these corrections. This behavior was observable for some of the corrections in the various countries. The stock market did not always fall after a sharp rise in the indicator, however, and other corrections occurred when the indicator was not at historically excessive levels. These corrections were not caused by disequilibrium in the yield on long-term government bonds and the EP ratio of the stock market. Only one of the corrections which occurred during 1995-2005 was predicted by the strategies. Two strategies for the U.K. gave correct signals for the correction starting in January 2000.
The results demonstrate a relationship between the yield on long-term government bonds and the EP ratio of the stock market, at least for the extreme values of the spread between these variables. This relationship was proven to be exploitable for outperforming the stock market. Because the pattern is observable over a long period of time in several countries and is valid for most strategies, it is generally applicable and not data mining.
If the strategies detect a negative return on the stock market for certain periods over a long time, this leads to the conclusion that, on average, a negative return on the stock market could be expected whenever the indicator moves into the danger zone.
The assertion that trading profits suggest a semistrong efficient markets hypothesis violation is true for all countries. Although the net mean returns on the strategies were not always clearly higher than those of the stock market, the standard deviation of the returns was always much below that of the stock market. So, risk-adjusted profits net of transaction costs were always positive with higher Sharpe ratios. The assertion that negative expected returns suggest even stronger market inefficiency cannot be generally supported. Negative stock market returns for out-of-the-market periods are observable for the U.S. and Japan, and only partly for Germany and the U.K. These returns are not significantly negative due to the high volatility of returns in these periods. 
ENDOGENOUS INSTABILITY, RISK PREMIUMS, AND THE NOMINAL-VERSUS REAL-VARIABLE ISSUE
Bond-stock yield differentials provide reliable forecasting signals in conjunction with other financial variables such as the level of interest rates, interest rate differentials, and equity market cycles. Campbell and Vuolteenaho [2004] criticized the Fed model, but admit that it has been "remarkably successful as a behavioural description of stock prices, and its descriptions of equity market equilibrium is superficially attractive." Their criticism is inflation-based since the major factor determining the bond yield is the expected long-term inflation rate. Declining inflation raises bond prices causing yields to fall because the fixed nominal-value coupons are worth less. They then argue, correctly, that there is no reason stocks should have lower yields because stocks are claims on corporate profits which are not fixed in nominal terms. Therefore, profits can move in line with inflation.
Campbell and Vuolteenaho rejected the two following potential explanations:
1. Inflation is bad for the real economy and corporate profits so that rising inflation lowers expected future profits and stock prices. 2. Inflation increases uncertainty and, therefore, stock prices decline.
Econometric studies since the 1920s have shown, however, that corporate dividends are not inversely related to inflation and bond yields. Also, the evidence does not support either of the two preceding explanations.
But Campbell and Vuolteenaho are swayed by the Modigliani and Cohn [1979] argument that inflation confuses investors who use nominal-based yields to discount real corporate profits. During high-inflation periods, stocks are underpriced, but declining inflation eliminates this confusion. Campbell and Vuolteenaho observed that measures of the equity risk premium, based on the crosssectional pricing of riskier stocks relative to safer stocks or on the relative volatility of stocks and bonds, are essentially unrelated to past inflation and bond yields. We agree with the Campbell and Vuolteenaho criticism and their attempt to argue why the bond-stock measures might work. Supporting this is the observation that investors are easily confused, relying on few, and sometimes changing, key factors and ignoring other relevant economic factors.
At the heart of the Fed model, Campbell and Vuolteenaho [2004] criticize the comparability of the Treasury rate with the S&P 500 earnings yield, the first being a nominal return strictly related to the expected rate of inflation and the second an aggregate claim to corporate profits. Bond investors are aware that bond prices vary in order to compensate for inflation expectations, which leads to nominal yields moving into line with the prevailing term structure of interest rates. In contrast, corporate earnings are not expected to be constant in nominal terms. The idea that investors compare the 10-year nominal Treasury rate with the S&P 500 real price yield is thus ill-founded and unsustainable according to this explanation. Consigli et al. [2006] tested the hypothesis that over the 1970-2005 period corrections in the U.S. market were consistent with the postulated Fed model. They found evidence of a structural positive risk premium, thus rejecting the claimed convergence of equity and bond returns after a sequence of corrections. This suggests the inclusion of the premium in a stochastic model of equity returns. The inclusion of a risk premium indirectly addresses the inflation expectations issue and focuses on the possible deviation of the equity yield from a theoretically sound market yield that, ceteris paribus, should determine current stock market values. The comparison is thus only on the appropriate discount factor of future earnings, for the current risk-free rate. The presence of a risk premium in the market can in this framework be directly implied from market data. Over the 1985-2005 period, the S&P 500 Index and its theoretical value, as given in Equation (1), performed as shown in Exhibit 9.
The departure of the 10-year rate from the equity yield is captured by the valuation measure which quantifies the percentage difference between the actual and theoretical benchmark values as illustrated in the right y-axis in Exhibit 9. Consider the correction periods in Exhibit 6. The 1987 crisis, the 1997 limited correction, and the 2000 and 2002 market corrections were associated with rising stock market prices and a decreasing theoretical S&P 500 fair value as anticipated by the BSEYD. Other corrections, such as the July 1998 and the May-June 2006 crises, occurred while the indicator was not in the danger zone.
Following this statistical evidence, the amplitude and frequency of the corrections generated by the market can be studied as a function of the yield differential and other variables driving the misvaluation process. Consigli et al. [2006] suggested a model extension of the basic Fed model assumptions in order to accommodate the various exceptions we have discussed. They proposed an asset pricing model for equity returns in which market instability phenomena are modeled as a Cox process whose intensity and market impact depend endogenously on the BSYR and a market-specific risk premium. The economic rationale of this approach is that even if the BSYR cannot alone be taken as a statistically robust leading indicator of prolonged market instability, the ratio provides an appropriate over-or undervaluation measure as an endogenous state variable of an asset pricing model with discontinuous returns. The random dependence of the correction process from the yield differential is also supported by the evidence in Exhibit 9. This displays the estimated linear relationship between the BSEYD and the set of market corrections-adjustments beyond a predefined -2.5% threshold-in the U.S. during the 1985-2005 period. The relationship is negative and statistically significant. The definition of an endogenous source of instability in the asset return model generalizes previous attempts to model equity returns as a Gaussian-Poisson process with constant jump intensity (Consigli et al. [2002] ). This yields a model whose parameters can be estimated via maximum likelihood and fitted to market data as shown in Exhibits 9 and 10.
The theoretical market price is generated by a discount rate that depends on the risk-free rate and a risk premium. The risk premium depends on factors unaccounted for in the original Fed model and, jointly with the BSEYD, determines the amplitude of forthcoming market adjustments. Investors modify their strategic portfolio allocation from bonds to equity, and vice versa, analyzing the sustainability of the current deviation of equity prices from their theoretical value and then choosing how much to invest in bonds and equities. Expectations are updated depending on the joint movements of the 10-year rate plus a risk premium and aggregate earnings, assumed to be fully incorporated in prices. The bond/stock/cash strategic portfolio selection problem can then be formulated and solved as a stochastic control problem. Once an excessive deviation of the current stock market value from its theoretical value is observed, the ratio between actual and theoretical stock price will depart from 1.0 and the ensuing adjustment can be assumed to be a random function of the BSYR. The suggested approach is consistent with the dynamic version of the Fed model proposed by Koivu, Pennanen, and Ziemba [2005] and extends the evidence of a co-integration relationship between bond and equity yields in the U.S., Japan, and Germany. See also Durré and Giot [2005] for more on the co-integration of the Fed model in various countries.
CONCLUSION
The bond-stock model has been shown to add value to a buy and hold strategy in various U.S. and foreign markets and to have the ability to predict corrections to some extent. Thus, the model provides evidence that the equity risk premium is not constant and partially predictable. Predictive ability is the best in the U.S. and in Japan, and in earlier time periods. Nevertheless, the model provided good results in the period 1980 . Campbell and Thompson [2005 investigated whether certain strategies out-predict the historical average of the equity risk premium. The evidence offered by Berge and Ziemba [2006] is that bond-stock measures are better predictors than historical buy and hold averages. The Consigli et al. [2006] model incorporates the bond-stock measure in a stochastic asset-pricing model valuation. This allows direct market back testing in a simulation framework and leads to a stochastic control problem for portfolio selection (i.e., tilting using the bond-stock measure adds value). High current PE ratios relative to historical PE ratios have been shown to predict corrections. See Aron [1981] ; Bleiberg [1989] ; Campbell and Ammer [1993] ; Campbell and Shiller [1998, 2005] ; Fama [1970 Fama [ , 1991 Fama [ , 1998 ]; French and Poterba [1991] ; Polk, Thompson, and Vuolteenaho [2006] ; Shiller [2000] ; Siegel [2002] , and Ziemba and Schwartz [1991] . However, the bond-stock model that compares PE ratios to interest rates seems to have better predictive ability (Ziemba and Schwartz [1991] ; Rolph and Shen [1999] ; Wong and Chew [1999] ; Yardeni [2003] ; Ziemba [2003] , and Berge and Ziemba [2006] ). The criticisms of the model by Campbell and Vuolteenaho [2004] and others are valid. The Modigliani and Cohn [1979] inflation confusion argument is one way to theoretically justify the model.
The research on the bond-stock model surveyed in this article contributes to the research on the role the model plays in portfolio strategies and clarifies the model's potential as a market crisis signal. The analysis also confirms the partial predictability of equity returns and the need to take agents' risk aversion into account when assessing market mean-reverting behavior. Furthermore, the analysis provides a basis to statistical models of equity returns which have an endogenous source of instability, thus leading to an approach to strategic asset allocation over time. Although the duration of the correction starting in January 1977 is longer than one year, it is considered a correction because the stock market dropped 11% within 10 months between January and October 1977. The same is true for the correction starting in April 2000; the stock market dropped 23.9% within the following 12 months.
